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(54) Optically active tertiary phoephine compounds, transition metal complexes comprising the 
same as Uganda and process for preparing optically active organic silicon compounds using 
said transition metal complexes ^ 



(57) A tertiary phosphine compound of the formula 
(1): 




,P(A')2 



(1) 



groip, or a substituted or unsubstituted phenyl group: 
A^ is a 3-triflMoromethylphenyl group or a a,5-bl8(trlf- 
luoromethyOphenyl group when is a hydrogen atom 
and Ft^ and together form -CHoCH-CHbCH-. or a 
substituted or unsubstftuted phenyl group when Is 
not a hydrogen atom or when and do not together 
form -CHaCH-CHaCH-. 



in which and R**' are iMlrogen atoms or together 
form -CH^*CH-CH«CH-: R^ and R^ together fomi a 
group of the formula (a): 




< 

10 

O In which — • represent a bond to be bonded to the R^ 
group, and — o represents a bond to be bonded to the 
group when R^ and R^' together form -CH=CH- 
1^ CH=CH-, or when R^ is a hydrogen atom, R^ and R^ 
Q together form -CH=CH-CHbCH- or R^ is a hydrogen 
atom and R^ is a substituted or unsubstituted alkyt 
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The present Invention relates to a tertiary phosphine compound which is coordinated to transition metale to form 
catalysts useful in varbus asymmetric synthesis reactions, a transition metal oomplcDc comprising said phosphine com- 
pound as a Uganda and a process for preparing an optically active organic silicon compound using said transition metal 
complex as a catalyst. 

Hitherto, nr»ny reports have been made on transition metal catalysts used In the asymmetric synthesis reactions. 
K Is well known that, among these catalysts, complexes of transition metals such as ruthenium, palladium and rhodium 
which comprise an optically active tertiary phosphine compound as a ligand have the excellent catalytic activities in the 
asymmetric syntheses (see JAPAN CHEMICAL SOCIETY Ed., ELEMENTS OF CHEMISTRY fKAGAKU SOSETSU") 
32. "Chemistry of Organic Metal Complexes" (1982) 237-238). 

JP-A-5&«1d3(1980) 

discloses a rhodium complex comprising 2.2-blB(dipheriy(ph08phino)-1,1*-l:)inaphthyt having an axial asymmetry aa a 
ilgand. 

But, It is also known that a selectivity and a yield of the reaction product vary greatly depending on the kinds of the 
transition metal complexes, types of the reactions in which the metal complexes are used, kinds of reactants, and so on. 

Optically active organic silicon compouncte are useful compounds whk;h are used as intermediates in the produc- 
tion of optically active compounds such as medicines, agrochemicais, and fenroelectrio lk|uid crystals, since they can 
be easily converted to optically active alcohols or halogen compounds by replacing a ellyi group with a oon-espondlng 
functional groupi 

Hitherto, the optically active organto silicon compound are prepared by an asymmetric hydn^silylation reaction of 
an olefin. As an asymmetric hydrosilytation reaction of a styrene derivative, Tetrahedron L^., 21. 1871 (1980) and Tet- 
rahedron Asymmetry, 4. 2419 (1993) disclose a process using pailadium-[2-(diphenytpho8phino)-1.r-blphenyl] com- 
plex. However, an optical yield of the desired product is low, and a catalytic property of the conplex is unsatistactory. 

An object of the present Invention is to provide a novel tertiary phosphine compound which can unexpectedly 
improve catalytic acGvities such as stereoselectivity or regioselectivity in comparison with the conventional catalystSp in 
asynfvnetrlc hydrosllylation reactions of various styrene derivatives. 

Another object of the present invention Is to provide a transition metal complex comprising such tertiary phosphine . 
compound as a ligand. 

A further object of the present Invention is to provkie a process for preparing an optically active organic silicon com- 
pound using said transition metal complex as a catalyst. 

According to a first aspect of the present invention, there is provkf ed a tertiary phosphine compound of the fbmuila 



wherein R** and R^* are hydrogen atoms or together Ibrm a group of the fonnula: -CHbCH-CHoCH-; R^ and R^ together 
fbrm a group of the formula (a): 



In which represent a bond to be bonded to the R^ group, and -o represents a bond to be bonded to the R^ group 
when and R^' together form a group of the formula: -CHaCH-CH=CH-. or when R^ is a hydrogen atom, R^ and R^ 
together form a group of the fbrmula: -CH=CH-CH=CH- or R^ is a hydrogen atom and R^ Is an alkyi group which may 
be substituted by a halogen atom, a lower alkoxy group or a haiogenated lower alkyl group, or a phenyl group whteh 



(1): 




(1) 




2 
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may be substitutod by a halogen atom^ a tower alky) group or a halogenated lower alkyl group; le a 3>trif luorometh- 
y^henyl group or a 3.5-bi8(trlf luoromethyQphenyl group when is a hydrogen atom and and together form a 
group of the fdrmula: -CH-CH-CHaCH-p or a phenyl group which may be eubalituted by a halogen atom, a lower alkyl 
group, a lower alkoxy group or a halogenated lower alkyl group when RMs not a hydrogen atom or when R' and R^ do 
5 not together fbrm a group of the Ibnnula: -CM°CH-CH»GH-. 

According to a second aspect of the present Invention, there is provided a transition metal complex comprising said 
tertiary phoephine compound (1) as a llgand. 

According to a third aspect of the present Invention, there is provkled a process fbr producing an optically active 
organic sllane compound of the fomuila (2): 



SiXYZ 
I d4 




wherein A^ Is a phenyl group which may be substituted by a halogen atom, a tower alkyl group, a lower alkoxy group or 
a halogenated lower alkyl group; Is a hydrogen atom, a straight or branched alkyl groip which may be substituted 
by an alkoxy group or a halogen atom or a cydoalkyl group which may be substituted by an alkoxy group or a halogen 
20 atom; and X, Y and Z are the same or different and represent a hydrogen atom, a halogen atom» an alkyl group or an 
alkoxy group 

comprising reacting a styrene derivatlvB of the fonnula (3): 



2B 



30 



3$ 



f,z^ (3) 

Wherein A^ and R^ are the eame as defined above, with a silane compound of the fbnnula (4): 



H-Si-Y (4) 
I 

Z 



wherein X, Y and Z are the same as defined above, in the presence of a catalyst comprising a complex of a transition 
40 metal of Qroupe 8, 9 and 10 in the Periodic Table having an optically active substance of a tertiary phosphine compound 
(1) as a llgand. 

I. Tertiarv ohosphlne compound h\ 

45 In the tertiary phosphine compound (l). R^ and R^' are hydrogen atoms or together form a group of the fbrmuia: • 
CHbCH-CH>CHs R^ and R^ together form a group of the formula (a): 



so 




S6 in which represent a bond to be bonded to the R^ group, and —« represents a bond to be bonded to the group 
when R^ and R^' together fbmi a group of the formula: -CHsCH-CIHaChl*, or when Is a hydrogen atom, R^ and R^ 
together form a group of the formula: -CHaCH-CH«iCH* or R^ Is a hydrogen atom and R^ Is an alkyl group having 1 to 
6 carbon atoms In general which may be substituted by a halogen torn, a tower alKoxy group having 1 to 6 carbon atoms 
in general or a halogenated lower alkyl group having 1 to 6 carbon atoms in general, or a phenyl group which may be 
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$ub8tituted by a halogen atom, a lower alkyi group has^ng 1 to 6 caibor) atoms in general or a halogenated tower atkyi 
group having 1 lo 6 carbon atome In general. 

Examples of the alkyf groif) for are a methyl groups an ethyl group, a n-propyl group, an iscpropyl groups a n- 
butyt group, a tert-butyl group, etc. 

Examples of the halogen atom, the lower alkoxy group, or the halogenated lower alky! group as the optional sub- 
stituent of the all^l group for are a fluorine atom, a chlorine atom, a bromine atom, an Iodine atom; a methoxy group, 
an ethoxy grou|% a propoxy group: or a monochtoromethyl groupt a dichtoromethyl group, a trichteromethyl group, a 
fhioromethyi group, a trifluoromethyl group, a 2,2,2-trifluoroethyl group, etc. 

Examples of the halogen atom, the lower all^ group, the lower aikoxy group, or the halogenated lOM^er alkyI group 
as the optional substituent of the phenyl group for are a fluorine atom, a chlorine atom, a bromine atom, an iodine 
atom; a methyl goup, an ethyl group, a n-propyl group, an isopropyl group, a n4Dutyl group, a tert.-butyl group; a meth- 
oxy group, an ethoxy group, a propoxy group; or a monochtoromethyl group, a dichloromethyl group, a trichloromethyl 
group, a fiuoromethyl group, a trifluoromethyl group, a 2,2,2-trifluoroethyl groups etc. 

The number of the substituents Is not limited. The number of the substituents Is usually from 1 to 3 In the atkyi 
group, white it is fram 1 to 5 in the phenyl gro^x A position of the substituent Is not limited. 

is a 3-trlfluoromethylphenyl group or a 3,5-bis(trifluoromethyOphenyi group when is a hydrogen atom and R^ 
and together fomi a group of the fonnula: -CHaCH-CH-CH-, or a phenyl group whfch may be substituted by a hal- 
ogen atom, a lower alkyI group having 1 to 6 carbon atoms In general, a lower alkoxy group having 1 to 6 carbon atoms 
in general or a halogenated lower aikyt group having 1 to 6 carbon atoms In general when Is not a hydrogen atom 
or when and R^ do not together form a group of the fonnula: -CH=CH-CH»CH-. 

Exanq^les of the halogen atom as the optional substituent of tfie phenyl group for A^ are a fluorine atom, a dilorine 
atom, a bromine atom and an iodine atom; examples of the lower alkyi group are a methyl group, an ethyl group, a n- 
propyl groups an isopropyl group, a n-butyl group, a tert.-butyl group, etc.: examples of the lower aikoocy group are a 
methoxy group, an ethoxy group, a propoxy group, etc.; and examples of the halogenated lower all^ group are a mon- 
ochloromethyl group, a dichtoromethyl group, a trichloromethyl group, a fiuoromethyl ^foup, a trifluoromethyl group, a 
2.2.2-trifluoroethyl group, etc. 

The number of the substituent in A^ is not IMted. Usually, the number of the substituent is from 1 to 5. A position 
of the substituent Is not limited. 

The tertiary phosphine compound (1) of the present invention includes an optically active (+) and (•) isomers, and 
the present invention Includes the (+) and (-) isomers and a racemic body. 

Preparation of the Dhosphine compound (\b\ 

Among the tertiary phosphine compound (I), a compound (la) corresponding to the formula (1) In which R^ and R^ 
together forms a group of the formula: -CHsCH-CHaCH- may be prepared by the following reaction scheme: 



H2 



Pd/C 




(5) 



(6) 
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HPO(A')a 
Pd 
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25 




P(A^)2 



20 



a5 



40 



45 



50 



55 



Wherein is the same as defined above; and Tf represents a trtfluoromethanesulfonyi group. 
Reaction conditions in the above reactions will be explained. 

-Preparation of the compound (6) 

3-'n'ifluoromethanesutfbnyloxy-3'-hydroxy-4,4'.biphenanthryl (6) can be prepared by reacting 3,3'<lihydrtt(y-4.4^ 
biphenanthryl (5) with trif luoromethanesulfonic artfiydrlde in the presence of a base such as an aromatic amine or a ter- 
tiary amine usually in a solvent. 

As a solvent, hydrocaibonSr halogenated hydrocarbons, ethers, and so on are exemplified. 

Trif luoromethanesulfbnlc anhydride is used in an amount of 0.1 to 20 moles, preferably 0.4 to 0.6 mole per one mole 
of the compound (5), and the base is used usually in an amount of 2 to 20 moleSi preferably 3 to 10 moles per one mole 
of the compounded. 

The reaotlon temperature is generally from -80 to -i- 150^0, preferably from -10 to 100°C. The reaction time is 
not limited, and the reaction can be terminated when the compound (5) is consumed, or the amount of the compound 

(5) does not deaease any more. 

-Preparation of the compound (7) 

3-Hydroxy^,4'-biphenanthryl (7) can be prepared by catalytlcally reducing the compound (6) in the presence of a 
hydrogenatlon catalyst such as palladium/caiton usually in a solvent. 

As the solvent, any of solvents which are conventionally used in the hydrogenation reaction can be used. Examples 
of the solvent are methanol, ethanol, isoprcpanol, dloxane. THF, dimethyl other, dimethoxyethane, toluene, hexane, and 
a mixture of at least two or them. 

The amount of the solvent is not critical. 

The reaction temperature is generally from -150 to -f-eoO'C. preferably from -80 to + 150«C. The reaction time Is 
not limited, and the reaction can be terminated when the compound (6) is consumed, or the amount of the compound 

(6) does not deaease any more. 
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-Preparation of tha compound (8) 

3*11riftuoromottiana8ultonylQxy-4,4 -biphenanthryl (8) can be prepared by reacting the connpound (7) with trif luor- 
omethaneeuKbntc anhydride in the presence of a base such ae an aromatic amine or a tertiary amine usually in a eol- 
s vent 

As a solvent hydrocarbons* halogenated hydrocarix)n8, ethers, and so on are exemplified. 

Trifluoromethanesulfonic anhydride is used usually In an amount of 0.1 to 20 moles, preferably 1 to 5 mole per one 
mole of the compound (7), and the base Is used In an amount of 2 to 20 moles, preferably 3 to 10 moles per one mole 
of the compound (7). 

10 The reaction temperature Is from -80 to ISC'C, preferably from -10 to + lOO'^C. The reaction time Is not limited, 
and the reaction can be terminated when the compound (7) is consumed, or the amount of the compound (7) does not 
decrease any more. 

•Preparation of the compound (9) 

IB 

The compound (9) can be prepared by reacting the compound (8) with a diarylphosphine oxide in the presence of 
a base such as a tertiary amine and a palladlum-phosphlne catalyst usually In a polar solvent 

Amounts of the base» the palladiunvphosphine catalyst and the diarylphosphine oxide are usually from 1 to 20 
moles, preferably from 5 to 10 moles; from 0.1 to 1 mole, preferably from 0.4 to 0.6 mole; and from 1 to 20 nwles, preif- 
20 erably from 1 to 4 moles, respectivety. per one mde of the compound (8). 

The reaction temperature Is generally from -80 to + 200''C, prefMbly from 0\o^^ 20^0. The reaction time Is not 
limited, and the reaction can be terminated when the compound (8) is consumed, or the amount of the compound (8) 
does not decrease any more. 

2B ^Preparation of the compound (la) 

The compound (la) can be prepared by reacting the compound (8) with a reducing agent such as trichlorosilane in 
the presence of a base such as a tertiary amine usually in a solvent 

Amounts of the base and the reducing agent are usually from 1 to 1 00 moles, preferably 40 to 60 moles: and from ^' 
30 1 to 50 motes, preferably from 1 to 20 moles, respectivety, per one mole of the compound (9). 

The reaction temperature is from -20 to •¥ 1 50^C, preferably from -1 0 to + 1 0O'^C. The reaction time la not limited, 
and the reaction can be terminated when the compound (9) is consumed, or the amount of the compound (9) does not 
decrease any more* 

35 -Preparation of the compound (la*) 

The compound (la) oon^esponding to the tertiary phosphlne compound (1) of the present invention in which Is 
a hydrogen atom, and and together form -CHsCH-CH-CH* can be prepared In the same manner as In the prep- 
aration of the conpound (la) except that 2»2*-dlhydroxy-1,r-binaphthyl (S*) as a starting material in place of 3,3'-diliy- 
40 droxy-4.4*-biphenanthryl (5). 

tn the preparation of the compound (1 a) or (1 a*), since the reaction of each step proceeds with maintaining a struc- 
ture of the axial asymntetry of the siAstrates, an optically active compound (la) or (1 a*) can be obtained as a final prod* 
uct when an optically active compound (5) or (5*) Is used as a starting compound. When a racemic compound (5) or (5') 
is used as a starting compound, a racemic compound (la) or (la*) is obtained. According to the present invention, it is 
45 possible to obtain an optically active substance or a racemic substance according to the final use of the compound (1 }. 

-Preparation of the compound (lb) 

The compound (lb) corresponding to the tertiary phosphlne compound (1) of the present Invention in which R^ and 
60 R^ are both hydrogen atoms can be prepared by the following reaction scheme: 



66 
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(13) (1b) 

wherein Tf, euid are the same a$ defined above, and W Is a halogen atom. 
The reaction conditions in the above reaction scheme will be eKplained. 

•Preparation of the compound (12) 

The compound (12) can be prepared by reacting the compound (10) and the compound (1 1) in the presence of an 
optically active transition metal catal^. 

The amount of the optically active transition metal catalyst is usually from 0.001 to 500 mole %. preferably from 
0.01 to 20 mole % based on the mole of the compound (10). 

This reaction is carried out in a solvent in general. opHonaHy in the presence ol a co-catalyst such as a metal halide 
or a base such as an organic base. 

The reaction temperature is usually from *80 to + aoC'C, preferably from -10 to ISO'C 

Examples of the compound (11) are methylmagnesium bromidei ethylmagnesium bromide, propylmagnesium bro- 
mide, phenylmagnesium brontide. 4-chlorophenylmagneslum brondde, 4-trifluoPomethylphenybfnagneslum bromide, 
and 80 on. 

Examples of the metal hallde to be used as the co^catatyst are halides of copper or lithium such as copper Iodide, 
lithium bromide, lithium iodide, and so on. 

The amount of the metal hallde Is usually from 0.1 to 500 mole %, preferably from 0. 1 to 300 mole % based on the 
mole of the compound (10). 

Examples of the organic base are organic amines such as triethylamine. diisopropylethylamine, tnbutylamlne, DBU, 
dimethylaminopyridine, picoline. and soon. 

The amount of the organic base is usually from 0.5 to 20 moles, preferably from 0.8 to 100 moles per one mole of 
the compound (10). 

As the solvent to be used in the above reaction, any solvent can be used, as long as it Is inert to the Grignand rea- 
gent Examples of such solvent are dioxane. THF, diethyl ether, dimethoxyethane. toluene, hexane, dlmethytanlllne. and 
a mixture of at least two of them. An amount of the solvent is not critical. 

The reaction temperature Is usually from -150 to i^OO^'C, preferably from -80 to + ISO^'C. The reaction time Is not 
limited, and the reaction can be terminated when the compound (10) is consumed, or the amount of the conpound (10) 
does not decrease any more. 
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After the termination of the reaction, the reaction mixture is poured In water or acidic water to separate an organic 
layer, or the reaction mixture is extracted with an extraction solvent such as toluene, ethyl acetate, diethyl ether, dichio- 
romethane, etc.. and then the organic layer is separated and concentrated. If necessary, the product may be purified by 
column chromatography. 

The optically active transition metai complex catalyst - to be used In the above reaction may be synthesized from a 
salt of a transition metal and an optioally active ligand by a per se conventional method, for example, a method 
described In "Experimental Chemistry Lectures" (JIKKEN KAGAKU KOZA), 4th Edition, Vol 18, "Organic l^etal Com- 
plexes" (1991), page 393 (Maruzen). For example, the optically active transition metal complex catalyst can be obtained 
by ligand exchanging the salt of the transition metal and an opticaliy asymmetric ligand compound and isolating the pro- 
duced compound. Alternatively, the optically active transition metal complex catalyst can be fbrmed in a reaction system 
of the compounds (10) and (1 1) and used as a catalyst without isolation. 

The salt of the transition metal to be used herein Is an organic or Inorganic salt of divalent palladium which can be 
ligand exchanged with the phosphine base optically asymmetric ligand. Examples of such salt are sodium tetrachlo- 
ropalladate (2), dlchloro-bls(benzonitrile)panedIum (2). ammonium tetrachloropalladate, and so on. 

Examples of the of the optically active ligand are 1<liphenylpho8phlno-2-N.N-dimetiiyiamino-3-phenylpropane 
(hereinafter referred to as ThephosO and l«dipheny|phosphlno-2-N,N-dimethylamlnopropane, and tiie like, which are 
described in J. Org. Ghent, 48, 2195 (1983). They may be opticaliy active uni- or bidendate phosphine Uganda. 

-Preparation of the compound (13) 

The compound (13) can be prepared by reacting ttie compound (12) with a dlarylphosphlne osdde in the presence 
of a base such as a tertiary amlne^ and a palladium/jphosphine catalyst usually In a polar solvent such as dimettiylsui- 
fbxide. 

Amounts of the base, the pailadium/tahosphine catalyst, and tiie dlarylphosphlne oxide are usually from 1 to 20 
moleSi preferably from 5 to 10 moles; from 0.1 to 1 nrx)Ie, preferably from 0.4 to 0.6 mole; and from 1 to 10 moles, pref- 
erably from 2 to 4 moles, respectively, per one mole of tiie compound (12), 

The reaction temperature is usually from -20 to lOO^C. preferably from 0 to + SO^'C. The reaction time Is not lim- 
ited, and tile reaction can be terminated when tiie compound (12) is consumed, or tiie amount of the compound (12) 
does not decrease any more. 

-Preparation of the compound (lb) 

The compound (1b) can be prepared by reacting tiie compound (13) witii a reducing agent such as trichlorosilane 
in tiie presence of a base such as a tertiary amine usually In a solvent. 

Examples of tiie solvent are hydrocarbons, halogenated hydrocartwns, ethers, and so on. 

Amounts of the base and tiie reducing agent are usually from 1 to 100 moles, preferably 40 to 60 moles, and from 
1 to 50 moles, preferably from 10 to 20 moles, respectively, per one mole of the compound (13). 

The reaction temperature Is usually f^om -20 to ISO'^C, preferably from -10 to 100*^0. The reaction time Is not 
limited, and tiie reaction can be terminated when tiie compound (1 3) is consumed, or tiie amount of tiie compound (13) 
does not decrease any more. 

When either one of tiie (-i-) and (-) Isomers of tiie optically active uni- or bidendate phosphine ligands Is selected 
and tiie transition metal complex comprising such isomer as tiie ligand is used in tiie step of preparing tiie compound 
(12), either one Isomer of tiie compound (12) having tiie Intended absolute oonfiguration is preferentially obtained. 
Since each of the steps after the preparation of tiie compound (12) proceeds witii maintaining tiie axial asymmetry of 
tiie substrate, the compound (lb) having tiie Intended absolute configuration can be preferentially otatained. When tiie 
racemic uni- or bidendate phosphine ligand is used, the racemic compound (1b) is obtained. According to the present 
Invention, it is possible to obtain an opticaliy active substance or a racemic substance accoixiing to the final use of tiie 
compound (lb). 

II. ComDlaxes of the 8 to 10 Groups transition metals corrorlslna the tertiary ohosphlne co mpound as lioand 

The complex of the transition metal of the 8 to 10 groups comprising tiie tertiary phosphine compound (l) as tiie 
ligand can be prepared by coordinating the tertiary phosphine compound (1 ) on a transition metal. 

Examples of tiie tiransition metal which forms such complex are metals of tifie 3 to 10 Groups such as palladium, 
rhodium, mthenium. and tiie like. 

Among tiie complexes, a palladium complex may be prepared by reacting dibenzonltiilepalladlum dichtoride witii 
the tertiary phosphine compound (1) of tiie present Invention according to tiie metiiod described in "Experimental 
Chemistry Lectures" (JIKKEN KAQAKU KOZA), 4tii Edition, Vol. 18, "Organic Metal Complexes" (1991), page 393 
(Maruzen). In general, tiie tertiary phosphine compound (1) can be reacted witii a transition metal compound such as 
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an organic or inorganic salt to replace the llgand. tollmved by isolation of the resulting complex Aiternotively. the com- 
plex may be synthesized In a reaction system in which the complex fe used ae the catalyst and used in a further step 
without isolation. 

The complexes of other transition metals can be prepared accoiding to the methods which are disclosed in the fol- 
lowing publications: 

J. Am. Chem. Soc.. 93, 2397 (1971), 

J. Chem. Soc. Chem. Commun., 922 (1986), 

J. Med. Chem., 31, 2277 (1988), the disclosure of which are hereby incorporated by reference, and 
JP-A-61-63690. 

Specific examples of such metal complexes are as follows: 

[ra»(COD)(tertlary phosphlne compound (1))1CI04, 
Rh(COD)(tertiary phosphlne compound (1))CI, 
[Rh(NBD)(tertlary phosphlne compound (1))]Ci. 
Rh(CO)Ct(tertiary phosphlne compound (1)). 
PdCi2(tertiary phosphlne compound (1)}, 
Rua4(tertiary phosphlne compound (1))2(N(C2He)3], 
Ru(acac)2(tertiary phosphlne compound (1)}. 
[RuC!(p-cymene)(tertiary phospWne compound (1)JCi. 

wher^n "COD" represents 1,5-cycloocladiene. "NBD- represents norbomadiene, and "acac" represents acetyl aceto- 
nate. 

As the transition metal compound to be used in the preparation of the transition metal complex, a zero-valency 
compound or catlonic compound of the transition metal may be used, and examples of such compound are 
Rh(acac){NBD), Rh(acac)(COD). Rh{acac)2. [Rh(C0D)Cll2, [Rh{NBD)Cl]2. IRh(C2H4)2CI)2. [Rh(OCXX)H3)2qj2, 
[FVt(1.5-hexadiene)2Cf]2, and Ru(acac)3. 

When the transition memi complex having the optically active substance of the tertiary phosphlne compound (l)'^s 
the llgand is used as a catalyst in the asymmetric synthesis reaction such as an asymmetric reduction, a desired prod- 
uct can be obtained in a high yield and a high asymmetric yield. 

ill. Preparation of the oroanic ftiiieon comoQund m 

The optically active organic silane compound of the formula (2): 



wherein A^ l$ a phenyl group which may be substituted by a halogen atom, a lower allcyl group having l to 6 carbon 
atoms in general, a lower alkoxy group having 1 to 6 caibon atoms in general or a haiogenated lower aikyi group having 
1 to 6 caiton atoms in general; is a hydrogen atom, a straight or branched alkyi group having 1 to 6 carbon atoms 
in general which may be substituted by an ailaixy group or a halogen atom, or a cydoall^i group having 3 to 6 carbon 
atoms In general which may be substituted by an all«»cy group or a halogen atom; and X, Y and Z are the same or dif- 
ferent and represent a hydrogen atom, a halogen atom, an all^l group having 1 to 4 carbon atoms in general or an 
alloxy group having 1 to 4 carbon atoms in general 
can be prepared by reacting a styrene derivative of the formula (3): 



SiXYZ 




(2) 



A2 



(3) 



wherein A^ and R* are the same a& d^ined above, with a silane compound of the fonnula (4); 
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X 

I 

H— Si-Y (4) 
Z 



wherein X. Y and Z are the same as defined above In the presence of a catalyst comprising the transition metal complex 
having the optlcaliy active sutdstance of the tertiary phosphlne compound (1) as the ligand. 

Examples of the halogen atom as the optional 8ut}8tituent of the phenyl group for in the styrene derivative (3) 
are a fluorine atom, a chlorine atom, a bromine atom and an iodine atom; examples of the lower ailiyl group are a methyl 
group, an ethyl grouf^ a n-prqpyl group, an isopropyl group, a n-butyl group, a tert.-butyi group, etc.; examples of the 
lower alkoxy group are a methoxy group, an ethoxy group, a propcxy group, a butoxy group, etc.; and examples of the 
halogenated lower all^l group are a monochloromethyl group, a dichloromethyl groupi a trichloromelhyl group, a fluor- 
omethyl groip. a trifluoromethyl group, a 2.2.2-trifluoroethyl group, etc 

The number of the substituent on the phenyl group of is not limited, and Is from 1 to 5. A position of the substlt- 
uent is not critical. 

Examples of the straight or branched all<yl group for of the styrene derivative (3) are a methyl group, an ethyl 
group, a n-propyt group, an isopropyl group, a n-butyl group, an isobutyl group, etc.. and examples of the cydoalkyl 
group are a cydcpentyl groups a cyclohexyl gmp, a eydoheptyl group, eta 

Exarrtplea of the alKoxyl group as the optional substituent on the straight or branched alkyi group or the cydoalfcyl 
group are a methoxy group, an ethoxy group, a propoxy group, etc.. and examples of the halogen atom are a fluorine 
atom, a chlorine atom, a bromine atom and an iodine atom. 

Among the tertiary phosphlne compounds (1), a compound of the formula (1) in which A^ is a 3-trlfluoromethy|phe- 
nyl group or a 3.5-bis(trif luoromethyl)phenyl group is preferred, since an Qpticat yiekJ of the product is increased. In par- 
ticular, the compound of the fbrn^ula (1) in which A^ is a 3.5-bi9(trifluoromethyDphenyl group is more preferred, since a 
reaotion time can be shortened. 

The tertiary phosphine compound (1) according to the present Invention is present both in the forms of the (+) iso- 
mer and the (-) Isomer. Then, the organic silane compound prepared using the (+) Isomer and that prepared using the 
(-) isomer are In the relationship of enantiomers. Then, either one of the (+) and (-) isomers is selected and used in 
accordance with a configuration of the desired organic silicon compound. 

When palladium is used as the transition metal on which the phosphlne compound (l) is coordinated, the reaction 
proceeds at a high stereoselectivity. 

In the silane compound of the formula (4), examples of the alkyI group for X. Y and Z are a methyl group, an ethyl 
group, a propyl j^oup, etc.; examples of the alkoxy group are a methoxy groups an ethoocy group, a propoxy group, etc.: 
and examples of the halogen atom are a chlorine atom, a bromine atom. etc. 

Among the silane compounds (4). trichlorosilane is prefenred, since the hydrosllylatlon reaction proceeds quicWy. 

The hydrosilylatlon reaction is carried out in the presence or absence of a solvent. When the solvent Is used, a 
hydrocarbon, a halogenated hydrocatbon or an ether is preferably used. 

An amount of the transition metal complex is usually from 0.001 to 1 mole %, preferably from 0.01 to 0.1 mole % 
based on the mole of the styrene derivative (3). A molar ratio of the tertiary phosphine compound to the transition metal 
In the transition metal complex 1$ from 1 :1 to 3:1 . preferably around 2:1 . 

An amount of the silane compound (4) is usually from 1 to3mole8,prefeiablyfrom1 to1.2molesperonemoleof 
the styrene derivative (3). 

A reaction temperature is usually from -SO to + 150*C, preferably from -20 to +40*C. 

A manner of addtion of the styrene derivative (3) and the silane compound (4) is not critical, and either one of the 
styrene derivative (3) and the silane compound (4) may be added prior to the other, or they may be added at the same 
time. 

After the reaction, the desired compound is recovered by conventional post-treatment such as distillation to remove 
the unreacted raw materials, or filtration to remove the metals. A pure product can be isolated by subjecting the reaction 
mixture to a known purification treatment such as dl^illation, column chromatography, and so on. 

The obtained optically active organic silicon compound (2) can be converted to a corresponding alcohol with main- 
taining Its configuration. For axanpie, In the case of a trichlorosilyl compound, that Is, the compound of the formula (2) 
in which X. Y and 2 are all chlorine atoms, the silyl group is converted to a hydroxy group by reacting the compound 
with hydrogen peroxide in a mixed solvent of tetrahydrofuran and methanol in the presence of potassium bicarbonate. 
Other opttoally active organic siltoon compounds may be converted to the oon-espondlng alcohols according to the 
methods described In, for example, J. Organometaillc Chem., 269(1984) C37-C39. and J. Org. Chem., 1987, 52, 4412* 
4, the disclosures of which are hereby incorporated by reference. 
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As oxplalned above, the tertiary phoaphine compound (1) of the present invention la particularly useful as the ligand 
of the transition metat complex which has an excellent catalytic acUvHy In various asymmetric hydrosllylatlon reactions. 

When the transition metal complex having the optically active substance of the tertiary phosphlne corrpound (1) as 
the ligand is used as a catalyst in the asymmetric h^rosllylation reaction of the atyrene derivative, the desired optically 
active organic silicon compound, vvhich may be useful as an important intemfiediate In the preparation of various opA- 
cally active compounds, is obtained at the high yield and the high selectivity. 

The present invention will be illustrated by the fbllowing Examples, which do not limit the scope of the present inven- 
tion in any way. 

In the Examples, analyses were can'ied out using the following equipments: 
POlarimeter: DIP-370 type (manufectured by JAPAN SPECTROSCOPIC CO.. LTD.) 

^H-NMR spectrum: JNM-EX 270 type (270 MHz, manufactured by JOEL LTD.); internal standard: tetramethylsilane 
^¥-NMR spectrum: JNM-EX 270 type (109 Hz, manufactured by JOEL LTD.). external standard: phosphoric acid. 

Racenrdc 3.3*-dihydroxy-4.4'-blphenanthryi was synthesized according to the method disclosed In J. Chem. Soc. 
Chem. Commun.. 1065 (1985). the disclosure of which is hereby Incorporated by reference. 

The racemic mixture (6.1 g) was subjected to optical resolution by HPLC (column: Sumlchiral OA-2000 manufac- 
tured by Sumika Chemical Analysis Service Ltd.; moving phase: n-hexane/l.2<iichloroethane/ethanol » 80/15/5 (by 
volume); UV-iight detector: wavelength of 254 nm) to obtain (R)-(-)-3.3'-dihydroxy-4.4'-blphenBnthryl and (S)-(+)-3,3'- 
dihydraxy-4,4'-blphenanthryl (each 2.9 g). Their optical purities were 99.9 %ee and 99.5 %ee. respectively. 

Exampjg t-(1) 

In a solution of (R)-(-)-3.3*-dihydroxy-4.4'-biphenanthryl (1.89 g. 4.89 mmol) and pyridine (1.00 ml, 12.4 mmoi) in 
dichloromethane cooled with Ice, trlfluoromethanesultonlc anhydride (1.38 g. 4.89 mmol) was dropwise added. After 
stinring the mixture at O^'C for one hour, the solvent was evaporated off. The residue was diluted with ethyl acetate (50 
mO and washed with 5 % hydrochloric acid, a saturated aqueous solution of sodium hydrogencait)onate and a satb- 
rated aqueous solution of socBum chloride successively. The organic layer was dried over anhydrous sodium sulfate, 
and the solvent was evaporated off to obtain a crude product 

Then, the crude product was purified by silica gel column chromatography (developing phase: dichloromethane) to 
obtain (R)-3-trlfluoromethane8Ulfbnytoxy-3*-hydroxy-4.4'-blphenanthryl (2.05 g). Yield, 81 %. 



Elementary analysts: Ca9Hi7048F3 


Calculated: 
Found: 


C, 67.18%: 
C,67.1S%: 


H,3.80% 
H,3.S8%. 



Example U2) 

In a suspension of 10 % palladlunVcarbon (120 mg) in ethanol (S ml). (R)-3-trtfluon:>methane8ulfonyloxy-3'-hydroxy- 
4,4'-btphenanthryl (580 mg. 1.12 mmoQ and dilsopropytamine (290 mg. 2.24 mmol) were added at room temperature, 
and reacted In a hydrogen atmosphere (1 atm.) for 10 hours. 

After confirming the consumption of the raw materials by TLC (thin layer chromatography), the reaction mixture was 
filtrated through a celite fitter, and a IBtrate was concentrated to obtain a crude product. The crude product was then 
purified by silica gel column chromatography (developing phase: n-hexane/ethyl acetate » 6/1) to obtain (S)-3-hydroxy- 
4.4'-blphenanthryl (41 0 mg). Yield. 99 %. 

fafflmple H9) 

To an Ice-cooled solution of (S)-3-hydroxy-4p4'-blphenanlhryl (370 mg, 1 .0 mmol) and pyridine (0.2 mi, 2.47 mmol) 
in dichloromethane. trif luoromethanesulfonic anhydride (0.2 ml, 1 . 1 9 mmol) was dropwise added. After stirring the mix- 
ture at O'^C for two hours, the solvent was evaporated off. The residue was diluted with ethyl acetate (50 ml) and washed 
with 5 % hydrochloric acid, a saturated aqueous solution of sodium hydrogencarbonate and a saturated aqueous solu- 
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tion of sodium chloride successively TTie organic layer was dried over anhydrous sodium sultate, and the solvent was 
evaporated off to olotaln a crude product. 

Then, the crude product was purified by silica gel column chromatography (developing phase: dichloromethane) to 
obtain (8)-3-trlfluoromethane8uHtMtyloxy-4,4'-biphenanthryl (482 mg). Yield, 96%, 

Efflmple 1-(4) 

Under a nitrogen atmosphere, in a solution of dlisopropylethylamine (475 mg, 3.7 mmol) in dimethyisullbxide (4 ml), 
(S)-3-trifluoromethane8utfonyloxy*4.4'-blphenanthryl (462 mg, 0.92 mmol), diphenylphosphine oxide (372 mg, 1.84 
mmol), pailadlum acetate (41 mg, 0.18 mmoQ and 1,4^bi3(diphenytph08phlno)butane (78 mg, 0.18 mmd) were added, 
and the mixture was stirred at lOO^'C for 10 hours. After cooling, the reaction mixture was ooncentrated under reduced 
pressure, and the residue was diluted with ethyl acetate (50 trXj and washed with 5 % hydrochloric acid, a saturated 
aqueous solution of sodium hydrogencartxHiate and a saturated aqueous sdutlon of sodium chloride successively. TTie 
organic layer was dried over anhydrous sodium sulfate, and the solvent was evaporated off to obtain a crude product 

Then, the crude product was purified by silica gel column chromatography (developing phase: n-hexane/ethyl ace* 
tate » 1/1) to obtain (S)-3*diphenylphosphlnyl-4.4'-biphenanthryl (433 mg). Yield, 85 %. 

Optical rotation: [a]o^^ - -59.6 (C - 0.55, CHCI3). 

Example Vfa 

Under a nitrogen atmosphere, in a solution of (S)-3«diphenylphosphlnyl-4,4'-biphenanthryl (172 mg. 0.31 mmol) 
and triethylamlne (1 .23 g, 12.1 mmol) in toluene (5 ml), trichlorosilane (617 mg. 4.55 mmoQ was added at O'^C. and then 
heated to lOO^C and stirred at that temperature for 15 hours. After cooling to room temperature, the reaction mixture 
was diluted with diethyl ether, and a small anrount of a saturated aqueous solution of sodium hydrogencarbonate was 
added to stop the reaction. Then, the reaction mixture was filtrated through a celite filter, and washed with diethyl ether. 
The combined filtrate and diethyl ether phase were dried over anhydrous magnesium suifUe, and the solvent was evap- 
orated off to obtain a crude product 

Then, the crude product was purrfled by silica gel column chromatography (developing phase: n-hexane/dlchio- ^^ 
romethane = 1/1) to obtain (S)'3-diphenylphosphinO'4.4'-biphenanthryl (152 mg). Yield. 91 %. 

Optical rotation: [a]o^ ^ 4-267.5 (C » 0.40, CHO^. 

Example 2>(1) 

Under a nitrogen atmosphere, trichlorosilane (0.25 ml, 2.5 mmol) was added to a mixture of allylpalladlum chloride 
dimer (0.42 mg, 1.15 )imol ccn-esponding to 2.3 \ijmcA of palladium), (S)-3-diphenylph0Gphino-4,4*4)lphenanthryl (2.48 
mg, 4.6 |imol) and styrene (214 mg. 2.05 mmol) at OX while stin'ing. followed by further stirring for 12 hours. 

After confirming complete consunption of styrene by gas chromatography and ^ H-NMR. the reaction mixture was 
concentrated urKier reduced pressure to obtain 1-phenyl-l-trichlorosiiyiethane (490 mg). Yield. >99 %. 

An optical purity of the product was determined by converting its trichiorosilyl group to a hydroxy group with main- 
taining its configuration, changing the compound to 3.5-dinitrophenyl carbamate, and then subjecting it to LC (liquid 
chromatofipraph]^ analysis using a column for isolating optical isomers. 

Potassium fluoride (690 mg. 1 1 .9 mmol) and potassium hydrogencarbonate (1 76 g. 1 7.6 mmol) were suspended 
in a mixed solvent of THF (100 ml) and methanol (100 ml). To the ice-cooled suspension, 1-phenyl-l-trlchlorosilyiethane 
(460 mg. 1 .9 mmol) was dropwise added while stin'ing, fbliowed by the addition of 30 % aqueous hydrogen peroxide (2 
ml. 19 mmol). After stin^ing at rcx}rTi temperature for 11 hours, excessive hydrogen peroxide was reduced with a satu- 
rated aqueous solution of sodium thiosulf^te (2 mi), and then the reaction mixture was filtrated through a cetite filter, and 
washed with dichloromethane. The filtrated was concentrated and phase separated. The aqueous layer was extracted 
with dichloromethane (each 1 0 ml) three times. After the combined organic layer was dried over anhydrous sodium sul- 
fate, the solvents were evaporated off. 

The obtained crude product was purified by silica gel column chromatography (developing phase: n*hexane/ethyt 
acetate » 5/1) to obtain (R)'1 ^phenethyl alcohol (224 mg). Yield, 95 %. Optical rotation: [ah^ s -34.6 (C » 1.85. 
CHaCIa). 
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optically active phenethyl alcohol obtained In Example 2-(2) was converted to 3.5-dinitrophenyl caitamate by a per 
ee conventional method. Then, ite optical purity wae detemtined by eubjecting the carbamate to HPLC (column: Sum- 
ichlral OA-4700 manufactured t>y Sumlka Chemical Analyele Service Ltd.; developing phaee: n-hexaneAl.2-dichlo- 
roethane/dthand - 50/15/1) and found to be 71 %ee. 

Retergnge Example g 

(S)-2-Diphenylphosphlno-1pr-blnaphthyl was synthesized by the method described in Tetrahedron, 50, 4293 
(1 994), the disGloaure of which is hereby incorporated by reference. 

Example 3 

In the same manner ee in Example 2 except that (8}-2-d^henylphosphino-1.1*-binaphthyl was used in place of (8)* 
3-diphenylphosphlno-4,4'-blphenanthryl the reactions were canrled out to obtain (R)-1-phenyl-l-trtchloro8llylethane. 
Optical purity, 93 %ee. 

ExampleB 4-g 

In the same manner as In Example 3 except that each conrpound shown in Ibble 1 was used in place of styrene, 
the reactione were carried out to obtain a desired optically active organio silicon compound (2). 



Table 1 



ExNa 


Raw material styrene derivative (1) 


Optically active organic silicon compound 
(4) 


Optical purity (%ee) 


4 


4-TKfluoromethylphenylethene 


1 -(4-™ luoromethylpheriyO-1 -trlchlorosl- 
tytethane 


96 (R-lsomer) 


5 


a-THfluoromethylpher^thene 


1 -(3-MiuoromethylphenyQ-1 -trichiorosi- 
lylethane 


95(R-l8omer) 


6 


4-Ch!orophenylethene 


1 -(4-Chlorophenyl)-l -trichlorosilylethane 


94 (R-lsomer) 


7 


3-Chlorophenytethene 


1 -(3-Chlorophenyl)-1 -trichlorosliylethane 


95 (R-isomer) 


8 


i«Pheiiyl-i-hexene 


1 "Phenyl»l ^trichiorosilylheKane 


92 (R-isomer) 



Comparative Example 1 

In the same manner as In Example 3 except that (R)-2-methQxy'2*-dlpheny^3hosphlno-1 , V-blnaphthyl in place of 
(8)-2<liphenylpho8phlno-1,1'-blnaphthyl. the reactions were carried out to obtain (R}-l-phenyl-1-trichiorosilyiethane 
having an optical purity of only 14 %ee* 

Example $ 

In the same manner as in Example 1 except that {R)-2,2'Kjlhydroxy-1,r^3inaphtryl was used In place of (^^^^ 
dihydroxy-4.4'-biphenanthryl, and bis[3,5*ls(trlfluoromethyl)phenyl]pho8phine oxide was used in place of dlphenyl- 
phosphine oxide, the reactions were carried out to obtain (S)-2-bl8(;3.5-bis(trifluoromethyOphenyqpho8phlno-l.r. 
binaphthyl in a yield of 54%. 

Optical rotation: [aJo^^ « ^.22.2 (C « 0.765, CHGI3). 
^H-NMR (CDCI3): 5(ppm) a 6.86-8.03 (m, aromatic). 
3ip-NMR (CDCy: 6(ppm) b -1 1 .2 (s). 
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In the same manner as in Example 1 except that {R)-2.2'-€llhydroxy-1 . V-binaphthyl was used in place of (R)-(-)-3.3'- 
dihydroxy-4,4'-blphenanthryl. and bl6(3*trifluoromathyiph6nyl)-ph08phine oxide was used in place of dipheny^hos- 
5 phlne oxide, the reactions were carried out to ok>tain (S)-24)i8(3»trHluoromethylphenyi)pho6phtno-l J*43tnaphthyl In a 
yield of 60 %. 

Optical rotation: Md^^ - +53.7 (C » 1 .1 1. CHCI3). 
^H-NMR (CDCIa): 6(ppm) « 7.01-8.00 (m. aromatic). 
TO 3^P-NMR (CDCIa): e(ppm) - -12.7 (s). 

ExamnleB 11-15 

In the same manner as In Example 2 except that each optically active tertiary phosphine compound (1) shown in 
IS Table 2 was used In place of (S)-d<rv)henylpho8phino-4.4'-biphenanthryl, the reactions were carried out to Mm opti- 
cally active 1-phenyl-1^lchtorosllylethane. 



I&bte2 



20 


Ex. No. 


Optically acUve tertiary phosphbie 
compound (1) 


Reaction 
Time 
(hrs) 


1 -Phenyl-l-trichlorosilylethane 










Yield (%) 


Optical purity (%ee) 




11 


(S)-2-Bi8|3,5-t)i6(trifluoromethyi)phe- 
nyllph08phlno-1 ,r4)lnaphthyl 


1 


88 


97 (R-isomer) 




12 


{8)-2.Bis(3-trHluoromethylphe- 
nyl)pho6phino-1 , 1 •^^^naphthyl 


15 


31 


95{R-l8omer) 


30 


13 


(S)-2-Bls(4-trifluoramethylphe- 
nyl)phosphlno-l . 1 '•tolnaphthyl 


11 


92 


93 (R'isomer) 




14 


(8)-2-BI$(4-fluorophenyDpho8phlno- 
l.r-blnaphthyl 


15 


90 


93 (R'isomer) 


35 


15 


(S)-2-Bi8(4-methoxyphenyOpho&' 
phino*l,v*blnaphthyi 


14 


89 


92 (R-isomer) 



40 

Exe^n^ffl 16>22 

In the same manner as in Example 1 1 except that each styrene derivative shown in Tak>le 3 was used in place of 
styrene, the reactions were can'ied out to obtain an optically active organic silicon compound (2). 



so 



88 
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1^6 3 



Ex. Na 


Styrend ddiivativd 


Ooticfiltv activo oraanlc silicon cofnoound (4) 


Ooiical Duritv (%) 


16 


4-MethQ)(ypheiiylothene 


1 -(4-Mdthoxyphenyl)-MrlGhloro8llylethane 


97 (R-l8omer) 


17 


4-Chlorophenyt6thene 


1 -(4-Chlorophenyl)-1 -trichlorosilyldthane 


9S(R-i8omer) 


18 


1-Phenylpropene 


1 -Phenyl-I -trlchlorosilylpropanQ 


98 (R-lsomer) 


19 


4-Bromoph6nyteth6ne 


1 -(4-Bromophenyi)-1 -trichlorosiiyldthane 


97 (R-l8omer) 


20 


4-Mdthylphenylethen6 


1 -(4*Metliylphenyl)-1 •trichlorosilylethdne 


94 (R-lsomer) 


21 


2-M6ihylph6nylethen6 


1 -(2-Methylphenyl)-1 -trichlorosilylethane 


97 (R-lsomer) 


22 


S'Nitrophenylethene 


1 -(3-Nitrophenyf)-1 -irlchloroailytethane 


98 (R-lsomer) 



In a solution of 1 ,3-d!methoxyb6nzene (3.0 g, 21 .7 mmol) dissolved in diethyl ether (90 ml), a 1.65 M solution of n* 
butyl lithium In n-hexane (19.8 ml. 32.7 mmol of n-butyl lithium) was added at room temperature, and a reaction mixture 
was heated to reflux f6r 4 hours. After cooling the reaction mixture to O'^C, a solution of carbon tetrabromlde (15.8 g, 
47.7 mmol) in diethyl ether (60 ml) waa added to the mixture, and stirred at room temperature for 20 hours. A small 
amount of water was added to the reaction mixture, and then the reaction mixture was diluted with ethyl acetate (90 ml). 
The organic layer was vvashed with water and dried over anhydrous magnesium sulfate. Thereafter, the solvent was 
evaporated off, and the residue was purified by column chromatograpfiy to obtain Vbromo>2.6<limethoxyberuene 
(2.70 g). Yield. 57%. 



Elementary analysis: CQlH902Br 


Calculated: 
Fbund: 


C, 44.23%; 
C, 44.02%; 


H.4,15% 
H.4.23%. 



To a solution of 1-bromonaphthalene (10 g. 48 mmol) in TIHF (100 mi), a 1 .65 M solution of n-buty) lithium in n-hex- 
ane (68 ml, 96 mmol of n-butyl lithium) and stin^ at -78''C for one hour. Then, trimethoxyborane (1 0 g, 96 mmoQ was 
added, and the mixture was stinred at -78«C for 30 minutes, and then at room temperature fbr one hour. To the mixture, 
phenothiazlne (132 mg) and then a mixture of cone, hydrochloric add (20 ml), phosphoric acid (30 ml) and water (220 
ml) were gradually added. After heating the mixture to room temperature and stirring It for 20 hours, the organic layer 
was separated. The aqueous solution was washed with diethyl ether. The combined organic layer was washed with a 
1 0 % aqueous solution of sodium chloride. To the Ice-cooled organic layer, a 5 % aqueous solution of eodium hydroxide 
was added and stirred. Then, the mixture was phase separated, and the aqueous layer waa saturated wHh sodium chlo- 
ride, acidified with phosphoric add, and extracted with diethyl ether. The diethyl ether layer was dried over anhydrous 
magnesium sulfate. The advent was evaporated off, and the obtained solid residue was recrystalllzed from ethyl ace- 
tate/h-hexane to obtain naphthylboric acid (4.20 g). Yield, 51 %. 
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Elementary analy^s: Cioi^OgB 


Calculated: 
Found: 


0,69.77%; 
C. 69.62%; 


K 5.26% 
H.5.32%. 



Reference Example aK8) 

To a solution of 1-bromo-2.6<limethQxybenzene (2.63 g, 12.1 mmol)» tetrald8(trlphenylpho8phine}palladium (0) 
(0.91 Q, 0.76 mol) and 1-naphthylborlc acid (4.16 g» 23.9 mmol) In 1.4<jlQxan8 (160 nil), a 2N aqueous solution of 
16 Godlum hydroxide (1 3 nul) was added, and tfie mixture was heated to reflux. After cooling, the eolvent was evaporated 
off. and the residue wa$ dissolved In diethyl ether. The diethyl ether solution was washed with water and dried over 
anhydrous magnesium sutfata Then, the solvent was evaporated off. and the residue waa purified by siiica gel column 
chromatography (developing phase: n-hexane/etr?yl acetate 5/1) to obtain 1 -naphthyl-2.6-dimethoxybenzene (2.50 g). 
Yield. 79%. 



Elementary analysis: CisHieOa 


Calculated: 
Found: 


0,81.73%; 
0,61.64%; 


H. 6.05% 
H. 6.16%. 



30 Reference Example 3-r4^ 

To a solution of 1 -naphthyh2.6-dlmethaxyben2ene (2.0 g. 7.5 mmoQ In methylene chloride (30 ml), boron tribromlde 
(1 .7 ml, 1 7.5 mmd) was added at -78*0. The mixture was stirred for 20 hours with slowly warming the ntixture to room 
temperature. 

3S After decomposing excessive boron tribromlde by ttie addition of a small amount of water, diethyl ether (300 ml) 
was added to the mixture. The organic layer was washed with water and dried over anhydrous magnesium sulf&te. The 
solvent was evaporated off under reduced pressure. The residue was purified by silica gel column chromatography 
(developing phase: n-heocane/ethyl acetate = 5/1) to obtain l-naphthyl-2.6-dlhyr<»(ybenz6ne (1.70 g). Yield. 95 %. 

40 



Elementary analysis: C^qH^^q^ 


Calculated: 
Found: 


0. 81.26%; 
0. 81.04%; 


H.5.08% 
H. 5.19%. 



Reference Example 3-(S) 

50 

To a solution of l-naphthyl-2,6-dihydroxyben2ene (1.1 g. 4.66 mmol) In methylene chloride (10 ml), pyridine (1.06 
ml) was added, lb the ice-cooled mixture. trHiuoromethanesuifonlc anhydride (1.62 ml. 9.6 mmol) was added, and 
slin-ed for 6 hours. The reaction mixture was diluted with diethyl ether, and washed with 10 % hydrochloric acid, a sat- 
urated aqueous solution of sodium hydrogencarbonate, and a saturated aqueous solution of sodium chloride, followed 
88 by drying over anhydrous magnesium sulfate. The solvent was removed off under reduced pressure, and the residue 
was purified by silica gel column chromatography (developing phase: n-hexane/ethyl acetate » 5/1) to obtain l-naph- 
thyl-2.6-bl8(trlfluoromethanesufonylQxy}benz6ne (2.05 g). Yield. 88 %. 
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Elementary analysis: Ci8HtoOe62F6 


Calculated: 
Found: 


C» 43.16%; 
C. 43.01 %; 


H. 2.00% 
H. 2.21 %. 



Exainple 23-(1) 

Lithium bromide (174 mg, 2,00 mmol) which had been heat dried under reduced pressure, PdCl2l(8)-Pheph08] 
(49.4 mg. 0.094 mmoQ and 1-naphthyl-2.6-bi8(trifluoromethanesulfonyloxy}benzend (955 mg. 1.98 mmol) were dte- 
sotved in toluene (2.6 ml), and a 1 .8 N solution of phenytmagneslum brontide In ether (2.4 ml) was added to the solution 
at -20'C. followed by stirring for 26 hours at the same temperature. After adding 1 0 % hydrochloric add. the mixture was 
extracted with diethyl ether, and the organic layer was washed with a saturated aqueous solution of sodium chioride. 

After flvaporaUng the solvent off, the residue was purified by silica gel column chromatography (developing phase: 
n-hexane/ethyl acetate ■ 5/1), and recrystailized from n-hexane to obtain (8)-(-)-2*naphthyl-3-trifluoromethanesuKbny- 
loxybiphenyl (666 mg). Vield, 76 %. Optical purity, >99 %6e. 

Melting point: 142^0. 

Optical rotation: (oJd^o - -146 (C « 1 .00. CHQs). 

lb a soIUion of diisopropytethylamine (270 mg, 2.08 mmol) in dimethylsulfbxide (1 ml), (8)-(-)-2-naphthyl-3-trifluor* 
omethanesuKonyloxybiphenyl (108 mg. 0.252 mmol), diphenylphosphlne oxide (106 mg, 0.522 mmol). palladium ace- 
tate (2.9 mg, 0.013 mmol) and 1,4-bi8(dlphenylpho&phino}butane (5.6 mg, 0.013 mmol) were added and stin-ed a( 
100<>C for 12 hours. After cooling, the solvent was evaporated off, and the residue was diluted with ethyl acetate and 
washed with dilute hydrochloric acid and a saturated aqueous solution of sodium hydrogencarbonate. After the organic 
layer was dried over anhydrous magnesium sulfate, the solvent was evaporated off |o obtain a crude product. 

The crude product was purified by silica gel column chromatography (developing phase: n^hexane/ethyl acetate - 
1/1) to obtain (S)K+)-2-naphthyl-3-diphenylphosphinyib^henyl (120 mg). Yield. 99%* 

Melting point: 179*^0. 

Optical rotation: [aJo^^ » +49.2 (C = 1 .00, CHCy. 

^H'NMR (CDCI3): 6(ppm) = 6,73-6.80 (m. 2H). 6,64-6.67 (m, 4H), 6.95-6.99 (m, 4H), 7.04-7.10 (m. 1 H). 7.18-7.39 
(m, 8H), 7.49-755 (m. 1H), and 760-7.69 (m. 5H). 
3^P-NMR (CDCI3): 6(ppm) = 28.0 (6). 

faampi9ga-(3) 

To a solution of (S)-(+)-2-naphthyl-3-diphenylpho8phinylbiphenyl (120 mg. 0.250 mmol) and triethylamme (1 ml) in 
toluene (6 mi), trichlorosllane (300 ^1. 0.297 mmol) was added at O^'C. The mixture was heated to 130'C, and sttn-ed fbr 
36 hours at the same temperature. After cooling to room temperature, the reaction mixture was diluted with diethyl 
ether, and then the reaction was stopped by the addition of a small amount of a saturated aqueous solution of sodium 
hydrogencarbonate. Then, the mixture was filtrated through a celite filter, and washed wHh diethyl ether. The combined 
filtrate and diethyl ether phase were dried over anhydrous magnesium sull^te. and the solvent was evaporated off to 
obtain a crude product 

The crude product was purified by silica gel column chromatography (developing phase: n-hexane/ethyl acetate « 
5/1) to obtain (8)'(+)-2-naphthyl-3<llphenylphosphlnoblphenyl (85.0 mg). Yield. 73 %. 

Optical rotation: la]z?^ = +15.3 (C » 0.6, CHCI3). 

^H*NMR (CDCI3): 5(ppm) » 6.84-7.03 (m, 6H). 7.06-7.39 (m. 15H), 7.44-7.64 (m, 2H), and 7.58-7.69 (m. 2H). 
^¥-NMR (CDCI3): 6(ppm) B *12 6 (S). 
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Examplfl84-f1) 

Under a nitrogen atmosphere, trichlorosilane (0.30 nil, 3.0 mmoO was added to a mixture of (S)-M-2-naphthyl-3- 
dlphenyl-phoaphinobiphenyl (2.51 mg, 5.4 mmol) which was obtained In Exanple 1 , allylpalladium chloride dimer (0.64 
mg, 1 .5 )imol corresponding to 3.0 ^mol of palladium) and atyrene (264 mg, 2.54 mmoi) at O'C while atlnlng. followed 
by further etirring for 24 hours at the same temperature. 

After confirming complete consumption of etyrene by gas chromatography and ^H-NMR. the reaction mixture was 
distilled whh a Kugel rohr (bulbed tube) to obtain 1 -phenyl-1 -trichlorosilylethana (518 mg). Yield. 85 %. 

^H-NMR (CDCI3): 6(ppm) - 1 .62 (d, J - 7.6 Hz, 3H), 2.90 (q. J » 7.6 Hz, 1H), and 7.21-7.37 (m, 6H). 

An opticat purity of the product was determined by converting its trichlorosllyl group to a hydroxy group with main- 
taining its configuration, changing the compound to 3,5<linitrophenyl carbamate, and then sukJilecting it to LC (liquid 
chromatography) analysis using a column for Isolating optical Isomers as described below. 

Efflmple 24:(a 

Potassium fluoride (764 mg, 29.4 mmol) and potassium hydrogencarbonate (2.61 g, 26.0 mmol) were suspended 
In a mixed solvent of THF (50 ml) and methanol (50 mi). To the Ice-cooted suspension, l-phenyl-l-trlchiorosllylethane 
(518 mg, 2.16 mmol) was drcpwiee added while stlning, followed by the addition of 30 % aqueous hydrogen percodde 
(2,2 ml). After stirring at room temperature tor 11 hours, excessive hydrogen peroxide was reduced with a saturated 
aqueous solution of sodium Ihiosutfate (3 ml), and then the reaction mixture was filtrated through a celite filter, and 
washed with dichloromethane. TTie fOtrate was concentrated and phase separated. The aqueous layer was extracted 
with dichloromethane (each 1 0 ml) three times. After the combined organic layer was dried over anhydrous sodium sul- 
fite, the solvents were evaporated off. 

The obtained aude product was purified by silica gel column chromatography (developing phase: n-hexane/ethyl 
acetate » 5/1) to obtain (R)'i-phenethyt alcohol (196 mg). Yield, 74 %. 

^H-Nly|R (CDCI3): B(ppm) » 1 .50 (d, J « 6.3 Hz. 3H). 1 .78 (brs, 1 H), 4.90 (q. J = 6.3 Hz. 1 H) and 7.24.7.40 (m. 5H). 
Examplfl24-(3) 

Optically active phenethyl alcohol obtained in Example 24-(2) was converted to 3,5-dlnltrophenyl carbamate by a 
per se conventional method. Then. Its optical purity was determined by subjecting the carbamate to HPLC (cdumn: 
Sumichiral OA-4700 manufactured by Sumika Chemical Analysis Sen/ice Ltd.; developing phase: n-hexane/1 .2-dlchlo- 
roeihane/ethanol = 50/15/1) and fdund to be 91 %ee. 

Claims 

1 . A tertiary phosphine compound of the formula (1): 



wherein and R^' are hydrogen atoms or together form a group of the formula: -CH-CH-CH-CH-; and R^ 
together form a group of the formula (a): 
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in which — • represent a bond to be bonded to the group, and — o represents a bond to be bonded to the 
group when and R^' together form a groiq) of the fbrnuila: *CH«CH-CHbCH-, or when R^ is a hydrogen atom, 
R^ and R^ together fbrm a group of the fonnula: -CH«CH-CHaCH- or R^ is a hydrogen atom and R^ ia an alkyi 
group which may be siisstituted by a halogen atom, a low^ alkoxy group or a halogenated lower alkyl group, or a 
phenyl group which may be substituted by a halogen atom, a lower alliyl group or a halogenated lower alkyl group; 

is a 3-trifluoromethy49henyl group or a 3.5-bis(trifluoromethyl)phenyl group when R^ lea hydrogen atom and R^ 
and R^ together fbrm a group of the fbnmula: -CH-CH-CH-CH-, or a phenyl group which may be aubatituted by a 
halogen atom, a lower alkyl group, a lower alkoxy group or a halogenated lower ali^ group when R^ is not a hydro- 
gen atom or when R^ and Fr do not together fbrm a group of the formula: -CHbCH-CHsCI+. 

2. The tertiary phoaphine compound aocoidlng to claim 1 . whteh Is an optically active substance. 

3. A oompiex of a transition metal of Groups 8, 9 or 10 in the Periodic Ibble comprteing a tertiary phosphine com- 
pound (1) as claimed in daim 1 , as a ligand. 

4. The complex of a transition metal aoooitfing to claim 3, wherein said tertiary phosphine compound (1) is an optically 
active substance. 

5. A process for producing an optically active organic silane compound of the fomiula (2): 



SIXYZ 




wherein A^ is a phenyl group which may be substituted by a halogen atom, a lower alkyl group, a lower alkoxy group 
or a halogenated lower alkyl group: R"^ is a hydrogen atom, a straight or branched alM group which may be sub- 
stituted by an alkoxy group or a halogen atom or a cyctoalkyi group which may be substituted by an alkoxy group 
or a halogen atom; and X. Y and Z are the same or different and represent a hydrogen atom, a halogsn atom, an 
all^ group or an alkoxy group 
comprising reacting a styrene derivative of the tbrmula (3): 

^2^"' (3) 



wherein A^ and R^ are the same as defined above, with a silane compound of the formula (4): 



H-Si-Y (4) 

1 

2 



wherein X, Y and Z are the same as defined above, In the presence of a catalyst comprising a complex of a transi- 
tion metal of Groups 8, 9 and 1 0 in the Periodic Table having an optically active substance of a tertiary phosphine 
compound (i)asallgand. 
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